A simple high-performance liquid chromatographic method for the assay of ibuprofen and mefenamic acid in tablets is described. This method was developed by using self-prepared molecularly imprinted polymers (MIPs) as the stationary phase. MIPs are synthesized using non-covalent method by the free radical polymerization of template, functional monomer and an excess of crosslink monomers resulting in organic materials. The resulting bulk material was then ground into 25~44μm particles and packed into analytical columns. The effect of functional monomers/crosslinking ratio and the concentration of acetonitrile in the mobile phase were studied. Ibuprofen and mefenamic acid were efficiently resolved on the polymer. The retention time of ibuprofen and mefenamic acid were approximately 19.69±0.36min and 46.27±1.23min, respectively. Linearity was observed from 3.13-8.33g/l for ibuprofen and 0.3-0.9g/l for mefenamic acid, with the coefficients of determination (r 2 ) of 0.9977 and 0.9958. The limits of detection (LOD) of ibuprofen and mefenamic acid were found to be respectively 0.42g/l and 0.06g/l, while the limits of quantitation (LOQ) were 1.41g/l and 0.20g/l, respectively. The self-prepared MIP was successfully applied to the commercial tablet analysis and the result showed a good accuracy with -1.33 ~ -1.8% and -0.8 ~ +1.33% for ibuprofen and mefenamic acid.
Introduction
Ibuprofen (2-(4-isobutylphenyl) propanoic acid) and mefenamic acid ((2-[2,3-dimethylphenyl) amino] benzoic acid) are non-steroidal anti-inflammatory drugs (NSAIDs) that have been widely used in the treatment of patients with headache, dental pain, rheumatoid arthritis (RA) and other musculoskeletal disorders. Because NSAIDs are the commonly used drugs, monitoring these compounds in pharmaceutical samples is very important. Several methods are described in literature for NSAIDs in the raw material and dosage forms, including potentiometric titration [1] , high-performance liquid chromatography [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , GC/MS analysis [13, 14] , and spectrofluorometric determination [15, 16] . In the United State Pharmacopoeia [17] the liquid chromatography methods with a 4.6-mm × 25-cm column that contains packing Octadecyl silane chemically bonded to porous silica or ceramic microparticles, 3 to 10μm are described for the routine determination of ibuprofen and mefenamic acid in pure form and capsules.
The aim of this work was to develop a simple and reliable method for simultaneous determination of ibuprofen and mefenamic acid in the tablet using high-performance liquid chromatography (HPLC). In this study, the stationary phase for liquid chromatography has been prepared by molecular imprinting method using ibuprofen, methacrylic acid (MAA), and ethylene glycol dimethacrylate (EGDMA) as template, functional monomer and cross-linker, respectively. Molecular imprinting is a technique for the preparation of polymer having a high affinity for a target molecule. The general utilities of molecularly imprinted polymers (MIPs) are as antibodies and receptor mimics for assays [18] , in the separation and screening of compounds of biological origin [19] , and in membrane separations [20] . They are particularly suitable for the separation of molecules similar in size and shape. This paper describes some potential pharmaceutical applications of MIPs. To evaluate ibuprofen and mefenamic acid MIPs as receptor mimics, polymers were packed into HPLC columns. We have also examined the influence of functional monomer content and the composition of mobile phase on the separation characteristics of the resultant polymers. A series of tests demonstrate that the utility of the MIPs as stationary phase can be used to determine the contents of ibuprofen and mefenamic acid in pharmaceutical formulation.
Results and discussion
For each polymer, ibuprofen was the template, methacrylic acid was the functional monomer and EGDMA was used as the crosslinking monomer. Chloroform was chosen as the porogen, due to its ability to dissolve all the components in the polymerization and for creating the pores in macroporous polymers. The present results show that when chloroform is used as the solvent for successfully preparing polymer, it introduced good pore structures. We observed that for the polymers made in acetonitrile, there was no separation between ibuprofen and mefenamic acid under any composition of mobile phase.
From Tab. 1, polymers P2~P5 with EGDMA content from 80%~95% are found to be high degree cross-linking polymers. P1 only uses MAA (no template) and used as the blank polymer. is not easy to pack the column. From the experimental result, separation factor reduces along with the decrease in EGDMA content indicating that the suitable EGDMA content is about 95% of the total amount of monomers. EGDMA content (%) Fig. 1 . Effect of EGDMA content on the chromatography separation factor.
The self-synthesis polymers were ground and packed into column to be used as stationary phase. Under the chromatographic condition, ibuprofen and mefenamic acid were completely separated from a single solution or mixture (Figs. 2 and 3). These results indicate sharp, symmetrical and well-resolved peaks for ibuprofen and mefenamic acid. Separation using the stationary phase is reproducible and in these figures every data is an average taken from 2 to 4 runs for each combination of solute concentrations. Table 2 indicates the different combinations of ibuprofen and mefenamic acid concentrations with a total of 1g/l. The retention time of ibuprofen and mefenamic acid are approximately 19.69±0.36min and 46.27±1.23min, respectively. As to ibuprofen or mefenamic acid, the area of peak eluted alone or in mixture can form a linear relation. Figures 2-A and 3-C show that the area of pure ibuprofen is five times that ibuprofen in the mixture sample. This result can be used for correcting the curve of ibuprofen and mefenamic acid. Table 2 reveals that the separation factor for ibuprofen from mefenamic acid almost is a constant at various concentrations in samples when using P5 as the stationary phase.
Tab. 2.
Composition of solution with a total of 1g/l and resolution of ibuprofen and mefenamic acid used P5 as the stationary phase. In this study, methacrylic acid and ibuprofen are used as functional monomer and template for forming a methacrylic acid-ibuprofen complex prior to polymerization in the bulk method. The low-temperature synthesized polymer is semi-transparent in the bulk and it turns to white powder after drying and grinding. When ibuprofen molecules are removed by washing the polymer matrix with an acetic acid/methanol solution, there remains a great deal of free carboxyl groups in the copolymer matrix. The higher population of the free carboxyl group in the polymer particles seems to increase the affinity of the solutes. The reason is that the removal of ibuprofen well leaves the cavity of ibuprofen on the particles. The morphology of cavity is similar to ibuprofen so that the stationary phase utilizes the cavity and the free carboxyl groups catches ibuprofen. The molecular structure of mefenamic acid is larger than ibuprofen since there are carboxyl group and amine group providing the characteristics of both acid and base. The stationary phase seems to have a stronger interaction to hydroxyl and amine groups of mefenamic acid causing to have longer stay than ibuprofen. The result can also be explained with P1 particle. This particle only uses MAA as the blank polymer (no template), so that there is no cave of ibuprofen on the particle, the effort between stationary phase and solutes only utilizes carboxyl group on MAA and the retention time of ibuprofen and mefenamic acid is 8.354min and 45.413min (Fig. 4) , respectively. This phenomenon makes the effect of ibuprofen-template polymer suitable to recognize ibuprofen which is unexpected for generally observed imprinted polymers. In this study, mobile phase is used to compete with the carboxyl group in the polymers and to cut off the specific interaction between substrates and the stationary phase. In order to investigate the role that acetonitrile play on the separation between ibuprofen and mefenamic acid in chromatography, liquid chromatographic runs are carried out using various percentages of acetonitrile in the mobile phase to achieve the best resolution. In this research, ibuprofen is a smaller molecule than mefenamic acid, which can easily be affected by the mobile phase. The separation of ibuprofen and mefenamic acid is initially investigated using acetonitrile-based mobile phase. From Fig. 5 , a satisfactory separation was obtained with a mobile phase consisting of acetonitrile/buffer, 50/50(v/v), pH 3.99±0.01. The buffer system is H 3 PO 4 -NaH 2 PO 4 (0.05M, pH 3.17±0.01). It is believed that acetonitrile will compete for targeting molecules with the immobilized methacrylic acid which will bind to the stationary phase. Although the shape of particle is irregular and the size is not even, the use of the acetonitrile-based mobile phase can get the symmetrical, sharp peak and eliminate the tailing problem in our system. To demonstrate the suitability of the stationary phase, a number of real samples (ibuprofen and mefenamic acid tablet) are processed. The average weight of one ibuprofen ® tablet is 585.23mg and as grade labeling, it contains 300mg of ibuprofen, while the average weight of one Mefgen ® tablet is 481.54mg, which contains 250mg of mefenamic acid and several excipients. Data for the variation of the precision and accuracy are given in Tab. 4 which indicate an R.S.D from 0.6 to 1.2% and accuracy from -1.33 to -1.8% for ibuprofen and an R.S.D from 0.8 to 1.3% and accuracy from -0.8 to +1.33% for mefenamic acid.
Experimental part

Materials
All chemicals were of analytical reagent grade. Ibuprofen and mefenamic acid were purchased from Sigma (St. Louis, MO, USA), Ethylene glycol dimethacrylate (EGDMA, 98%) and methacrylic acid (MAA,99%) were obtained from Merck (Germany). Acetronitrile, acetone, ethanol, methanol, sodium dihydrogen phosphate and phosphoric acid were of HPLC grade and obtained from TEDIA (Fairfield, OH, USA). Chloroform and acetic acid were from R.D.H. (GC grade) while 2.2'-Azobisisobutyronitrile (AIBN) was obtained from TCI (Tokyo, Japan). EGDMA and MAA were distilled to remove the inhibitors before polymerization. Water was double deionized.
Synthesis of liquid chromatography stationary phase
The liquid chromatography stationary phase was prepared by the method of bulk polymerization at low temperature. In a typical procedure, ibuprofen (template), methacrylic acid (functional monomers), EGDMA (cross-linker) and AIBN (initiator) were dissolved in chloroform (5ml). The conical Erlenmeyer flask was placed in an ultrasonic water bath until a clear solution was obtained. After degassing and nitrogen purging for 3 min, the flask was sealed and placed under a UV-lamp (365nm, 100W) at 4 for 8h. After polymerization, the chloroform was removed. The hard polymers were dried in a vacuum oven for 24h at room temperature. The product in the form of a white solid was ground in a laboratory mortar grinder. Tab. 1 shows the composition of polymers synthesized in this study.
Column packing
The resultant bulk polymer was finely ground and sieved. The fraction of particles having an average size ranging from 25 to 44 μm was collected. The particles were suspended in methanol (30ml) by sonication for 3 min, placed in a slurry reservoir, and was then packed in a stainless steel column (150 × 4.6 mm I.D.) using an airdriven fluid pump. The particle weight in each column was approximately 3.32g. The packing was carried out under a pressure of 300bar with acetone (300ml) as the packing solvent. Then the column was washed on-line with methanol-acetic acid (9:1,v/v) mixture at a flow rate of 0.5ml/min until a stable baseline was reached.
Apparatus
Liquid chromatography was carried out using a modular HPLC apparatus (JASCO PU-2080 chromatograph) equipped with a JASCO UV -2075 variable wavelength detector, a Rheodyne 7725 injector (assembled with a 20-μl sample loop) and a Peak ABC Chromatography Workstation Ver.2.10 integrator. HPLC analysis was performed isocratically with acetonitrile/buffer at different ratios, and the UV detection wavelength (220nm) was selected on the basis of the analytes and eluent. Buffer system is H 3 PO 4 -NaH 2 PO 4 (0.05M, pH 3.17±0.01).
Procedure
Solution or mixture of the ibuprofen and mefenamic acid was injected and eluted (keep 25 ) at a flow-rate of 0.5ml/min. The void volume of the column was determined by injection of toluene. The mobile phase was prepared by adjusting the pH of a 0.05M sodium dihydrogen phosphate solution and mixing this with acetonitrile to the desired proportion. The separation factor (α) and capacity factor (K') were calculated according to standard chromatographic theory.
Calibration curves
Six standard solutions were prepared. The concentration range for ibuprofen was 3.13-8.33g/l and for mefenamic acid, it was 0.3-0.9g/l. The plot of concentration versus peak area was made, and its linear-regression to generate a calibration curve equation (y = mx + y 0 , where y is the peak area and x is the concentration in g/l). This equation was used to determine the concentration of ibuprofen and mefenamic acid in the real pharmaceutical samples.
Solutions of pharmaceutical dosage forms
Twenty tablets were weighed and ground. The fine powder was transferred to a 250ml volumetric flask, added 150ml of 0.05M sodiumdihydrogen phosphate solution and then made with acetonitrile up to 250ml by volume. A portion of the suspension was centrifuged for 3 min at 1000 × g to obtain the clear supernatant solution and appropriate dilutions were made with acetonitrile to a final corresponding concentration of ibuprofen in the range of 4.0 -6.0g/l, and mefenamic acid in the range of 0.4 -0.6g/l.
